Abstract Most health services in the United Kingdom provide unacceptable in-hospital care for hip fracture patients. We describe the impact on surgical delay following the introduction of an orthogeriatrician and the addition of one extra trauma list per week at our centre. Prospective data were collected on 101 consecutive patients followed by a second cohort of 105 patients. Mean time to surgery in cohorts 1 and 2 was 4.08 and 4.05 days, respectively (p= 0.71). Diagnosis of medical comorbidity increased with input from the orthogeriatrician from 69.7% to 74.2% (p=0.24). Length of stay and mortality were comparable in the two groups. A full trauma list accounted for the most frequent orthopaedic delay, which decreased from 18.1% to 12.9% (p=0.09). Increased recognition of medical comorbidity has financial implications for hospital remuneration. However, lack of orthopaedic provisions accounts for significant avoidable surgical delay requiring further investment if national standards are to be achieved.
Introduction
Most local health services provide unacceptable in-hospital care for patients with hip fractures [1] . With an ageing population, it has been predicted that by 2050, there will be six million fractures per annum worldwide [2] . Mortality in this group can be as high as 50% at one year [3] [4] [5] [6] , and evidence has emerged in recent years to show that delay to surgery worsens outcome [4, [7] [8] [9] . Male sex and obesity are risk factors for poor outcome, and patients with hip fractures frequently have pre-existing medical comorbidity [10] . It is also recognised that common postoperative medical complications such as chest infection and pulmonary oedema are associated with increased mortality [5] . Some centres have now employed delegated care-of-the-elderly physicians who offer routine medical care for such patients, as recommended by the Royal College of Physicians [11] and the British Orthopaedic Association [12] .
We present prospective data on causes of surgical delay for patients admitted to a district teaching hospital serving a population of 375,000 people with eight orthopaedic consultant surgeons and describe how performance and outcome changed after employment of an orthogeriatrician and the addition of one extra trauma list per week. discharge and mortality at one and three months postsurgery. We looked specifically for nonmedical, avoidable reasons for delay, with the aim of making changes to improve overall treatment of subsequent patients with hip fractures.
Following the initial study, an orthogeriatrician was employed to improve the medical optimisation of patients prior to surgery and to treat any medical complications in the postoperative period. The orthogeriatrician carried out daily ward rounds accompanied by an orthopaedic trauma nurse in order to provide continuity of care and communicate with the junior orthopaedic doctors. Before this system was introduced, medical comorbidity had been managed solely by the orthopaedic team's junior doctor, with supervision provided by the orthopaedic registrar and consultant. Acute medical complications requiring specialist input were traditionally referred to the on-call medical registrar. During the same period as the orthogeriatrician was employed, one extra trauma list per week was introduced, increasing the total number of weekly trauma lists to eight. The total cost of these changes to the trust was £161,750 per annum. A second cohort of 105 consecutive patients (27 men, 78 women) was then prospectively studied between January and June 2006. Identical parameters were recorded, and differences between the two cohorts were evaluated. The mean ages were 83.0 (range 53.8-100.9) years and 81.8 (range 50.4-102.7) years in cohorts 1 and 2, respectively. In cohort 1, three patients were excluded; two died preoperatively and one was transferred to another hospital. In cohort 2, seven patients were excluded: six died preoperatively and one was treated conservatively. Results were analysed using the Mann −Whitney U test and Fisher's exact test. Pearson's correlation coefficient was used to calculate the correlation of linear variables. A p value of 0.05 was used for statistical significance. Fracture type and admission source for patients in both cohorts are shown in Table 1 . Figure 1 shows the range of operations performed. There were no significant differences between the two groups.
Results
The overall mean time to surgery for all patients in cohorts 1 and 2 was 4.08 (range 0-17) and 4.05 (range 0-20) days, respectively (p=0.71). Figure 2 shows the cumulative timing of surgery for both patient groups, with no significant statistical difference between the cohorts.
In total, there were 304 and 310 delay days in cohorts 1 and 2, respectively. The majority of delays were due to medical problems, with 212 (69.7%) delay days in cohort 1 compared with 230 (74.2%) in cohort 2 (p=0.24). Table 2 shows the range of medical comorbidity recorded. Secondary medical complications also occurred. In cohort 1, eight patients developed medical problems after initial delays to surgery for either a full trauma list or lack of an available anaesthetist, accounting for 44 (14.4%) delay days.
Lack of orthopaedic or anaesthetic department provisions accounted for significant delays, with 92 delay days (30.2%) in cohort 1 and 80 (25.3%) in cohort 2 (p=0.24). Table 3 summarises the nonmedical reasons for delay. Table 4 shows three-month outcome. As shown, the only statistically significant difference between the two groups was for rate of discharge, which was worse in cohort 2. Table 5 summarises the surgical delay for those patients who died. Although surgical delay following the changes was reduced, mortality rates were not significantly different at one (p=1) or three months (p=0.27), although threemonth mortality was slightly increased in cohort 2.
Discussion

Impact of orthogeriatric input
The causes of surgical delay for patients with a hip fracture are varied and often complex. In this study, delay to surgery occurred most frequently because of medical comorbidity. The introduction of an orthogeriatrician resulted in an increased rate of diagnosis of medical complications preoperatively, which was associated with a slight increase in medical delays (p=0.24). This change may be related to the expertise on the part of the orthogeriatrician and the ability to better recognise medical problems compared with the admitting junior orthopaedic doctors. The relative number A+E Accident and Emergency Department of observed pre-and postoperative morbidity (Table 2) shows that there was better recognition of disease during the second cohort. It may also have been that the junior orthopaedic doctors were better able to diagnose health problems because of their experience working alongside the orthogeriatrician. The most common medical conditions were chest infection, ischaemic heart disease (IHD) and atrial fibrillation. There was a significant increase in the rate of diagnosis of IHD during the second cohort. This is most likely attributable to the increased availability of the troponin blood test and the national changes in criteria for acute coronary syndrome between the cohorts. Our data suggest that there is a moderate correlation between the development of postoperative complications and pre-existing comorbidity, and this was true for both groups ( Fig. 3a and b ). The limitation with interpreting data in this way is that types and degrees of comorbidity are more important than simply the number of health problems.
The frequency of postoperative complications appeared to vary slightly according to time to surgery between the two cohorts (Fig. 4) . Complications were more frequently diagnosed for patients in cohort 2 who waited up to 12 days for surgery. Patients who waited longer than this, however, tended to do better in cohort 2 compared with cohort 1. Such patients have complex medical problems and are the group most likely to benefit from expert medical input. Although the trend is weak, the better outcome may be related to better optimisation of patients on the ward by the orthogeriatrician prior to theatre. Further research should be carried out to focus on medically complex patients to assess how best to prepare them for surgery.
Some medical conditions should not delay surgery [13] . For example, there were several incidents where anaesthetists delayed surgery because a chest infection had been identified by the orthogeriatrician. More aggressive treatment of such patients is required, and in order to change attitudes and opinions, good communication and the development of an agreed-upon protocol between the orthogeriatrician, surgeons and anaesthetists is vital.
The identification of medical comorbidity also has implications for the hospital in terms of funding and costs. Since 2004, hospitals in England have been paid according to the work load and complexity of cases by the Primary Care Trust (PCT) fundholders. Patients' individual medical problems are coded, so that patients with multiple medical problems earn more revenue compared with relatively healthy patients.
The average cost for acute hospital care for a patient admitted with a hip fracture is £12,163 [14] . The presence of comorbid illness increases hospitalisation costs, but the type of comorbidity is more significant than the number of comorbid illnesses. Patients with dementia incur significantly higher costs compared with those with hypertension and diabetes [15] . It is possible that prior to the employment of the orthogeriatrician, the hospital was not adequately reimbursed because such medical problems were not accurately recognised and listed in the patient notes and discharge summaries. In a hospital that admits more than 200 hip fractures per year, this would result in the recoupment of significant costs balanced against the cost of an orthogeriatric consultant and secretary at £119,000 annually.
The biggest cost factor for hip fracture patients is length of stay. In our study, most patients had been discharged by three months, with 6.1% and 8.7 % remaining as in-patients in cohorts 1 and 2, respectively. Early discharge and geriatric hip fracture programmes may be cost effective, and the Cochrane review [16] concluded that geriatric orthopaedic rehabilitation units are probably clinically effective in improving major outcomes associated with hip fracture patients. However, the benefit following the introduction of multidisciplinary teams has traditionally been difficult to prove [17] . Some studies have failed to show any significant improvement at one, three or six month follow-up despite intensive multidisciplinary care [18, 19] . This includes routine input from an internist−geriatrician, physiotherapist, occupational therapist, social worker and clinical nurse specialist [20, 21] .
Other studies have shown benefit from geriatric-based postoperative care [22] . Comparing early daily multidisciplinary geriatric intervention and usual surgical care in elderly patients with hip fractures, one centre found hospital mortality was reduced but hospital stay and mortality at six and 12 months was unchanged [23] . A multidisciplinary hip fracture service at a centre in the USA had fewer medical complications, earlier surgery and shorter hospital stays [24] . Further, intensive occupational therapy and physiotherapy combined with early surgery (within two days of admission) resulted in earlier ambulation, a shorter hospital stay and reduction in six-month mortality rates [25] . Regardless of the type of service provided, the most important factor to reduce hospital stay is to perform early surgery [26] .
Hospital stay is, however, sometimes difficult to interpret (Table 4) . We found virtually no correlation between time to surgery and length of stay (correlation coefficients −0.01 and 0.003 for cohorts 1 and 2, respectively). We believe this relationship was difficult to establish using our data because when patients were identified early to require nursing home or residential care, their discharge from an acute orthopaedic bed was prioritised. However, those patients able to be discharged directly to their own home may have waited longer on the acute ward to allow more time for extended rehabilitation and physiotherapy.
Mortality
The commonest cause of death in both cohorts was chest infection, cardiac failure and myocardial infarction. Mortality rates were the same in both groups at one month despite the increase in medical comorbidity in cohort 2. One might expect that regular orthogeriatric input results in early recognition and treatment of medical complications and therefore improved mortality rates. This was supported by Cohort the increased rate of diagnosis of preoperative health problems observed in those patients who died in cohort 2 compared with cohort 1 (Table 5 ). In the postoperative phase for those patients who died, the observed number of complications leading up to death was similar in the two cohorts. Mean time to surgery was similar in both cohorts for patients who died and was not significantly different compared with the whole group ( Table 5 ). The previously described correlation between delay to surgery and postoperative mortality [13] was therefore not apparent in our data, and this is probably because our study was underpowered in this respect. Three-month mortality for group 2 slightly increased (not statistically significant) in correlation with the increased incidence of medical comorbidity. This trend may be explained by the fact that the majority of patients at three months had been discharged or had been transferred to rehabilitation wards, residential or nursing homes. Such patients would therefore have lost access to the orthogeriatric care provided on the acute orthopaedic ward. The benefit of extended orthogeriatric care in the community on medium-term mortality needs to be researched further. Overall, our mortality rates are comparable with other studies [4, 9, 10, 27] .
Patients who died had more observed preoperative comorbidity compared with patients who survived during the study period. The mean number of recorded preoperative health problems (Table 2 ) was 0.62 and 1.68 per patient in cohorts 1 and 2, respectively, and was found to be 0.83 and 2.71, respectively, in the mortality groups (see Table 5 ). Our data suggests that increased comorbidity increases the likelihood of death postoperatively.
Mortality rates varied between the two groups according to time to surgery. Figure 5 shows that death occurred less frequently in cohort 2 compared with cohort 1 for those patients operated on after 48 hours. Our study does not have the power to show significant differences because the numbers of deaths were low. However, the trend may be explained by input from the orthogeriatrician. Regular medical input by the same medical clinician has the advantage of providing continuity of care in comparison with the previous system in place for cohort 1 in which difficult medical issues were dealt with by the medical registrar on call. Complex medical patients are likely to benefit from the new system, and such patients may have been better optimised during cohort 2 compared with cohort 1, resulting in a lower risk of death. Table 3 shows that surgical delay secondary to departmental provisions decreased following the introduction of an extra trauma list (p=0.24), especially with regards to lack of theatre space (p=0.09). This was despite an increase in overall trauma workload for the department during the period of study for cohort 2. Creating extra theatre time is a priority if this is identified as a major source of delay. When significant delay occurs, the department should consider cancelling elective operating lists in order to deal with trauma work load. Further improvements were made through changes to the anaesthetic rota. Cohort 1 showed almost 5% of delays were from lack of an available anaesthetist, which mainly occurred at weekends. Extra staffing resulted in a statistically significant reduction to 1.3%. Delays because of technically challenging cases and high-risk patients more than doubled during cohort 2. This occurred when patients required a consultant surgeon, for example, for a total hip replacement. This problem has since been addressed through employment of an extra consultant orthopaedic surgeon. Our department recognises the need for improvement upon the current performance. Excluding medical delays, it is possible to achieve surgery within 48 hours for 95% of patients [26] . In order to provide such a service, as this study shows, overall delay is unlikely to change unless all variables are addressed. Patients have a window of opportunity in relation to timing of surgery. Unnecessary delays at the beginning of a patient's admission can lead to medical complications, and in cohort 1, we calculated that initial delays for nonmedical reasons resulted in the development of secondary medical problems, accounting for 14.4% of the total delay. Our data showed a positive correlation between time to surgery and the development of postoperative complications in both cohorts ( Fig. 6a and b ), but this relationship was relatively weak. However, the trend is consistent with other studies that show an increased risk of morbidity with surgical delay [3, 8, 13] .
Orthopaedic delay
Conclusion
The causes of surgical delay for hip fracture patients are multifactorial. Input from an orthogeriatrician is advocated by the British Orthopaedic Association and the Royal College of Physicians, but this failed to show a significant impact at our centre for major outcomes. However, medical comorbidity was more readily diagnosed, and this has cost implications for the hospital in terms of coding and remuneration from the PCT. Based on current evidence, it seems unlikely that the introduction of a lone orthogeriatrician without a dedicated orthopaedic rehabilitation ward and the necessary multidisciplinary support is likely to significantly affect outcome, and we plan further investment in order to develop our services. The addition of one extra trauma list reduced orthopaedic delays, but this was not statistically significant. Time to surgery appears to be the most important factor in reducing morbidity and mortality for patients admitted with hip fractures. Lack of orthopaedic provisions continues to account for a significant proportion of avoidable surgical delay, and further investment is required if national standards are to be achieved.
